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Abstract 
Transport is one of the most important economic sectors; it directly employs around 10 million people and it is concerned in GDP 
approximately 5% in the European Union (EU). The White Paper of 2011 underlines the need to create new traffic models that will 
make it possible to meet increasing demands for services through the effective use of various modes of transport and multimodal 
chains to reduce the external costs of transport. One of the important tools required to ensure sustainable transport is the 
liberalization of the railway freight transport market, whose main objective is to increase the competitiveness of railway transport 
reducing the negative impacts of transport on the environment. Actual problems from the view of sustainable transport are mainly 
those to do with in limited capacity and the level of transport infrastructure and the major differences between the capacity and 
quality of transport infrastructure in Western and Eastern Europe. The aim of our research is to design measures for the creation of 
free and undisturbed competition in freight transport to reduce the use of public resources, improving the quality of service even 
while reducing the social costs of transport. Support for this primary goal will be represented by the definition and description of 
the complex characteristics of: traffic flows and demand on logistic systems, multimodal chain, business conditions in the transport 
market, the role of managers of the railway infrastructure in the railway market, system of tolls of the railway infrastructure in 
terms of minimum access package and additional services in selected EU countries, the social costs of transport, including 
quantification of external effects, natural and value indicators in relation to the quality of transport processes. The paper deals with 
research conditions of the liberalization of the railway freight market in the context of a sustainable transport system. We have 
analysed the charging of the railway infrastructure in the V4 countries and Austria in order to compare charges for model trains. 
The paper presents a comparative analysis of the number of rail freight operators in individual countries vs rail freight transport 
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performance. Based on this analysis, we investigated whether the liberalization of the rail freight market is reflected in the modal 
split for the benefit of rail transport. 
© 2016The Authors. Published by Elsevier B.V.. 
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM). 
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1. Introduction 
The process of liberalization of the rail market is possible only on the basis of compliance with the rules set by the 
European Union (EU) and individual Member States, which must be controlled by the regulating body in order to 
produce non-discriminatory terms for all railway operators. 
In the European Community several legislative measures have been taken whose task was to create conditions for 
the liberalization of rail transport in order to ensure a common European railway area, which should be based on 
competition among existing and new transport companies. The actual liberalization of the rail freight market in the 
European Community was initialized in 1991 by the implementation of Council Directive 440/1997 EEC on the 
development of the Community. The aim of the directive was to facilitate railway companies to adapt to the new 
conditions and to provide a more attractive rail freight market. 
The liberalization of the rail market continued with the adoption of the three railway packages, which aimed at 
harmonizing the technical and security measures and the opening up of the rail market. In order to ensure that the 
adopted legislation, under Regulation No. 881/2004, concerning the liberalization of rail transport was effective at 
Community level, a supranational regulatory body was set up – the European Railway Agency (ERA). 
Today, the DIRECTIVE 2012/34/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 
21 November 2012 deals with the issue of competitiveness of rail transport, establishing a single European railway 
area. The basic requirements of this directive include the creation of appropriate procedures for the allocation of 
railway infrastructure capacity in order to achieve a better balance between modes of transport. The fee for the use of 
the railway infrastructure should be qualified so that the railway can meet demand and these fees height should be at 
their own costs resulting from the operation of the train. Fulfilment of this requirement necessarily requires public 
funds. In order that these measures are effective from a social point of view, appropriate procedures should be created 
for the allocation and charging of railway infrastructure capacity with respect to quality of the different elements of 
the railway infrastructure (railways, stations, terminals) and the different types of trains. 
 
Nomenclature 
Ump  total reimbursement for the use of the railway infrastructure, 
U1i  maximum reimbursement for ordering and allocating capacity, 
U2i  maximum reimbursement for managing and organizing transport, 
U3i  maximum reimbursement for ensuring the operability of the railway infrastructure, 
Li  total track length of the competent category between single transport points in kilometres, 
Qi  total gross weight of the train rounded to the whole ton, 
ke  coefficient which takes into account the movement of the train with an active driving rail vehicle using 
diesel traction on electrified tracks, the size of this coefficient being 1.2. The coefficient for the other trains 
is 1.0 
Q  total gross weight of train harnessed on electrified track rounded to the whole ton 
Le  length of electrified stretch utilized in kilometres, 
Ue  maximum reimbursement in €/thousands of gross ton kilometres for electrical supply used, 
PPj  number of train accesses according to the respective category of transport points for freight transport trains, 
UNj  maximum reimbursement in € for access of freight transport trains 
Cm  maximal price for use of the internal traffic road, state-wide and regional road for one train for one traffic 
road,  
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM)
918   Anna Dolinayova et al. /  Transportation Research Procedia  14 ( 2016 )  916 – 925 
C1  maximal price for use of the internal traffic road, state-wide and regional road for one train for one traffic 
road concerning track operation, 
C2  maximal price for use of the internal traffic road, state-wide and regional road for one train for one traffic 
road concerning operation ability of track,  
S1  price for 1 train-km as a price part for track operation, for one train kilometre: (S1E – on given tracks of 
state-wide roads, S1C – on other tracks of state-wide roads, S1R – on regional roads), 
S2  price for 1000 gross tones kilometres (gtkm) for particular train type determined as a price part for assuring 
operation ability for one thousand ton kilometres (S2C - on other tracks of state wide roads, S2R - on 
regional roads), 
L  length of train road in kilometres rounded on whole kilometres (LE - on given tracks of state-wide roads, 
LC - on other tracks of state-wide roads, LR - on regional roads), 
n  index showing use of vehicles enabling inclining, 
e  coefficient which takes into account the movement of the train with an active driving rail vehicle using 
diesel traction on electrified tracks 
S  basic fee,  
snj  unit rate for the type of train (j) and track category (n), 
ln  route length,  
αmj  coefficient that takes into account total load (m) with respect to type of train (j), 
zj  profit (max 5%) for type of train (j) 
IMA  the maximum price for the use of railway infrastructure, 
gtkm  gross tonnes kilometres, 
btk  rate per gross tonnes kilometres, 
tkm  train km, 
Ri  unit rate for the track category, 
ra  the rates according with product catalogue 
2. Railway infrastructure charging system in the V4 countries and Austria 
The railway infrastructure charging system in the individual countries depends on the net proclamation of single 
countries, which is based on the transport policy of individual states. The countries are obliged to accept and 
implement the EU regulations after their accession to the EU. Railway infrastructure is a monopoly in most of the EU 
Member States. In order to render railway transport efficient and competitive with other modes of transport, the 
managers of the infrastructure has to provide infrastructure capacity and services related with the transport operation 
for all railway operators in a way that excludes any extraordinary benefits for certain railway companies. 
2.1. Slovak Republic 
The fee for the use of the railway infrastructure in the Slovak Republic is paid by the transport operator to the 
railway for the use of the track. The total amount for access to the railway infrastructure is defined as: 
C mp tpU U U   (1) 
The calculation of the total payment for a minimal access packet for the train will be determined as the charge 
summary for capacity ordering and allocation, charge for traffic management and organization and charge for securing 
transport ability according to the pattern: 
6 6 6
1 2 3
1 1 1
1
* * * * * *
1000mp i i i i i i i ei i i
U U L U L U Q L k
   
  ¦ ¦ ¦  (2) 
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The calculation for total payment for track access to service devices for freight trains consists of a charge for use 
of the electric feeding device, a charge for train assignment and it will be determined according to the pattern (Decree 
of the Railway Regulatory Authority No. 7/2012, 2012): 
1
* * * *
1000
D
tp e e Pj Nj
j A
U Q L U P U
 
 ¦  (3) 
We described the maximum reimbursement for the minimum access package in the literature (Dolinayova, 2014). 
The maximum reimbursement for ordering and allocating the capacity is 0.0207 €, for managing and organizing 
transport is 0.958 €, for ensuring the operability of the railway infrastructure is 1.311 € without VAT. The maximum 
reimbursement for using electric power equipment for the supply of traction voltage is 0.260 € without VAT. The 
maximum reimbursement for access to the marshalling yard and equipment used for train formation and also for access 
to loading terminals owned or administered by the regulatory subject is 56.537 € without VAT. 
2.2. Czech Republic 
The Railway Infrastructure Administration (RIA) assures the management of railway infrastructure in the Czech 
Republic. The charge principle as well as some other complementary services determine the declaration about state-
-wide and regional tracks and always publishes the new time traffic diagram (TTD) for each one. The valid prices 
determine appendix ‘D Prices for internal, state wide and regional track use and the conditions of their application’ 
Table 1 shows the price for allocation capacity. 
Table 1. Prices for capacity allocation RIA of chosen products in The Czech Koruna (CZK). 
Product K1 K2 K3 
Request for capacity allocation into yearly TTD 1700 8 10 
Later request for capacity allocation into yearly TTD 1700 10 20 
Request for capacity allocation of tracks into regular change TTD 1700 10 20 
Ad hoc request of capacity allocation of tracks over 3 days 100 0 70 
Ad hoc request of capacity allocation of tracks under 3 days 100 0 160 
Source: The Network Statement by SŽDC, 2014. 
Maximal price for use the internal traffic roads, state-wide and regional roads for one train will be determined 
according to the pattern (Annex C by Network Statement SŽDC, 2014): 
1 2mC C C   (4) 
1 1 1 1E E C C R RC S L S L S L       (5) 
 2 2 1 1. . . . . .1000 E E C C R R
QC S L S L S L n e     (6) 
Table 2. Prices for use the railway road by freight trains in CZK. 
Price name Power unit Price in CZK for power unit 
S1E Train-km 36.1 
S1C Train-km 35.33 
S1R Train-km 33.19 
S2E 1 000 gtkm 49.23 
S2C 1 000 gtkm 43.88 
S2R 1 000 gtkm 33.6 
Source: Annex D by Network Statement SŽDC, 2014. 
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2.3. Poland 
The principle of charging for the rail infrastructure and the definition of other additional services beyond the basic 
access package determines the regulatory authority for the current period. The regulatory authority has approved the 
basic unit rates and the charges relating to the use of the railway infrastructure and its equipment. 
The fee for the use of the railway infrastructure consists of two components: a basic fee and additional charges that 
include services necessary for the operation of the infrastructure and charges for access to facilities related to the 
operation of trains. The price does not include consumption of traction energy. The basic fee for minimal access to 
the railway infrastructure is calculated as the product of the movement of trains and unit rates that are set for different 
categories of railways, traction type used, the type of train and the total weight of the train, which is done by dividing 
the interval. The basic fee for access to the railway infrastructure is calculated as: 
   * * * 1nj n mj jS s l zDª º ¬ ¼  (7) 
Table 3 shows the selected rates for different categories of lines and weight ranges for freight trains in The Polish 
Zloty (zł). 
Table 3. Charges for the minimum access package for a freight train. 
Total gross weight of train in tonnes 
Track category 
1 2 3 4 5 
180≤ M<240 3.45 4.43 5.82 8.12 9.84 
300≤ M<360 4.12 5.16 6.65 9.17 11.1 
420≤ M<480 4.72 5.81 7.4 10.12 12.23 
480≤ M<540 5.13 6.25 7.91 10.77 12.99 
1000≤ M<1100 8.13 9.51 11.64 15.51 18.64 
1900≤ M<2000 12.89 14.68 17.56 23.02 27.58 
2200≤ M<2300 14.57 16.51 19.65 25.69 30.75 
2800≤ M<2900 17.71 19.91 23.55 30.64 36.65 
3000≤ M 18.43 20.70 24.45 31.79 38.02 
Source: The Network Statement PKP, 2014. 
Charges for track access to service facilities are as follows (The Network Statement PKP, 2014): 
x Using electric power equipment for the supply of traction voltage 0.98 zł/km  
x Access to the marshalling yard – 12.31 zł/wagon  
x Using stabling siding –1.16 zł/hour/train set 
x Using loading equipment and space – 10.54 zł/hour/train set 
The PKP Polskie Linie Kolejowe S.A as a manager of the infrastructure provides other additional services beyond 
the minimum access package and at commercial rates.  
2.4. Hungary 
The present Hungarian railway system has been developed in compliance with the regulations of the European 
Union. The manager of the railway infrastructure in Hungary is the company MÁV ‘Magyar Államvasutak 
ZártkörŰen MŰködŐ Részvénytársaság’. The use of the open access railway network and services of the 
infrastructure manager provided within the open access to services shall be made available to each railway undertaking 
under equal conditions and at the same price. Basic service activities provided by both infrastructure managers are the 
same. Charges can be seen in Tables 4 and 5. 
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Table 4. Train kilometre-based charges for running of trains on the network of MÁV Zrt. 
Charge of running of trains (HUF/train km) Line section 
Category I 
Line section 
Category II 
Line section 
Category III 
Passenger trains (A, B, C) 375 315 126 
Freight trains (D) 391 370 200 
Loco trains (E) 357 
Source: The Network Statement MÁV, 2014. 
Table 5. Gross ton kilometre-based charges for running of trains on the network of MÁV Zrt. 
Charge for running of trains HUF/ gross ton km 
Passenger trains (A, B, C) 
0.23 Freight trains (D)  
Loco trains (E) 
Source: The Network Statement MÁV, 2014. 
Charge for ensuring of train path (HUF/train path) is 572 HUF/train path. Rail freight operators have to pay a charge 
for the use of catenary 57 HUF/electric train), charge for the use of origin/destination stations (4500 HUF at stations 
of category I), charge for the storage of vehicles (123 HUF/vehicle/day, the storage of vehicles of the Railway 
Undertaking beyond 24 hours). Network access charges do not include value added tax. 
2.5. Austria 
The manager of the railway infrastructure in Austria is the company ÖBB INFRA, which is a sub-company of ÖBB 
Holding AG. The ÖBB INFRA issues a yearly proclamation about the track, which determines the condition of the 
use of the railway infrastructure. The net proclamation also contains general information related to net, train track 
allocation, price and fees for use of railway infrastructure, catalogue of products. The railway infrastructure charge 
comes from Regulation 2012/34/EU. 
The minimal access packet will be calculated according to the following formula: 
. . .MA tk i aI gtkm b tkm R tkm r  r  (8) 
Table 6. Supplements and reductions provided by ÖBB INFRA. 
SUPPLEMENTS and REDUCTIONS Unit Factor Price in Euro 
Qualitative 
Traction unit-factor Category A train-km tfzA -0.0263 
Traction unit-factor Category B train-km tfzB 0 
Traction unit-factor Category C train-km tfzC 0.0237 
Route - specific 
Supplement for congested infrastructure train-km eng 1.2173 
Corridor-specific freight traffic incentive - Semmering train-km kvaS 1.2397 
Corridor-specific freight traffic incentive - Wechse train-km kvaW -0.6362 
Incentive for capacity optimization train-km aa 0.5638 
Source: The Network Access Product Catalogue Train Path,of ÖBB, 2014. 
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The rates for use of the railway infrastructure are different for passenger and freight trains. The rate for a freight 
train is 1.301 € without VAT in the international line and 0.865 € without VAT in other main lines. The rate per gross 
ton kilometre is 0.001268 € without VAT. 
3. Modelling the railway infrastructure costs on the freight trains with different loading schemes 
Now we will compare infrastructure costs in selected European countries for the highest track category and the 
highest category of transport points. The fee for using the railway infrastructure is a significant item of direct costs of 
railway undertaking. We made a comparison of total costs of infrastructure for trains with different gross tonnes. 
Figure 1 shows the results for heavy trains. 
 
 
Fig. 1. Railway infrastructure costs in V4 countries and Austria for heavy trains. 
As can be seen in Figure 1, the costs of the railway infrastructure differ not only by the gross tonnes, but also by 
the distance. Figure 2 shows the results for partly loaded train. 
 
  
Fig. 2. Railway infrastructure costs in V4 countries and Austria for partly loaded train. 
The comparison of the costs of the railway infrastructure for a partly loaded train illustrates the differences between 
individual countries. The costs are lowest in Austria for both gross tonnes of train, but in the Slovak Republic costs 
are comparable to other countries. 
The railway infrastructure charging systems in the analysed countries come from the Regulation 2012/34/EÚ, so 
they are similar. The only difference between costs on the railway infrastructure in these particular countries is caused 
by the charge level. The charge is determined according to the costs of the infrastructure’s managers, according to the 
transport policy of individual states and according to the real transport output. Many states provide a reduction for 
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freight trains because of the economical expedience of railway transport. The reduction is then provided to the manager 
of the railway infrastructure. 
4. Number of freight railway operators vs. rail freight transport performance and modal split 
We researched how the number of operators in V4 countries and Austria influence the rail freight transport 
performances and the change of modal split in these countries from 2009 to 2013. 
4.1. Comparative analysis of the number of freight railway operators vs. rail freight transport performance 
The basic aim of the liberalization of the rail freight market is to improve rail freight performances in respect of 
the quantity of goods and sustainable transport. The following figures show the comparative analysis number of 
national rail freight operators and rail freight performances. 
Fig. 3. Comparative number of national rail freight operators vs. rail freight performances in the V4 countries. 
 
Fig. 4. Comparative number of national rail freight operators vs. rail freight performances in Austria. 
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Our comparative analysis shows that there is no correlation between the number of national rail freight operators 
and rail freight performances in the V4 countries. The correlation we can see in the Austria in the period 2009–2012. 
4.2. Modal split 
We researched the modal split in the years 2009 and 2013 because there was a significant increasing number of 
national rail freight operators in all countries. The following figures show the modal split in the individual countries. 
Fig. 5. Modal split in the V4 countries. 
Fig. 6. Modal split in Austria. 
The modal split in the analysis countries was different. In the V4 countries this developed negatively but the 
development was different in individual countries. While in the Czech Republic and Poland the share of railway 
transport decreased, in the Slovak Republic and Hungary it increased. In Austria the share of railway transport 
increased too. The development of the share of railway transport in the transport market since 2009 to 2013 in all 
analysed countries is shown in Figure 7. 
Fig. 7. Development of the share of railway transport. 
As can we see in Figure 7, the share of railway transport in the transport market had a constantly growing trend 
only in Austria and Hungary. In the other countries there was a fluctuating development. The largest share of rail 
freight has been in Austria (42.1%), followed by the Slovak Republic (21.4%), Hungary (20.5%), Czech Republic 
(20.3%) and Poland (17.00%) in 2013. 
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5. Results 
We compared development of modal split and number of operators per thousand kilometres. We can see that 
correlation between this factors is not clear in different countries.  
  Table 7. Comparison number of operators and share of railway transport to transport market. 
Factors  Year Austria Czech Rep. Poland Hungary Slovakia 
Number of operators per thousand km 
2009 
3.60 2.51 2.32 0.81 4.14 
Share of railway freight transport to transport market 36.4 % 22.1 % 19.4 % 17.1 % 19.6 % 
Number of operators per thousand km 
2012 
4.31 3.13 2.89 1.11 3.86 
Share of railway freight transport to transport market 40.8 % 21.8 % 18.0 % 20.5 % 19.8 % 
Our research showed that lowest railway infrastructure fees for partly loaded train increase utilize of multimodal 
chain and share of railway freight transport to transport market.  
6. Conclusion 
Comparative analysis showed that the liberalization of the railway market in the V4 countries has not yet produced 
the desired effect. All analysed countries have a rail infrastructure charging system in accordance with the current EU 
directives. Despite the fact that the level of rail infrastructure charges is average in Austria compared with the V4 
countries, the increase in rail freight performances in that country was the most significant along with the increase in 
the share of rail freight in the transport market. We found almost the same effect for the correlation between the 
number of rail freight operators and performances. The once of factor is higher fee for partly loaded trains. 
To increase the share of rail freight in the V4 countries it is necessary to provide services of the required quality 
and at a reasonable price. Currently, delivery times are as important a factor as the cost of transportation. Other factors 
determining the customers’ choice of mode of transport are reliability, safety of shipment and to provide additional 
services. The next research will be focus on exploration correlation between really number of operators and change 
of modal split. 
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